Objective: Decompressive craniectomy (DC) is used as the last-stage method in the treatment of increased intracranial pressure (ICP). However, clinical outcomes reported in the literature are contradictory. Methods: Medical records were retrospectively reviewed for 50 increased ICP cases that had been diagnosed and undergone DC at our hospital between February 2011 and February 2017. The patients' characteristics such as age, sex, presence of comorbidities, pre-and postoperative Glasgow Coma Scale (GCS) scores, blood pressure, hemoglobin values, radiological findings, DC time, width of craniectomy, length of stay in the intensive care unit (ICU), and Glasgow Outcome Scale (GOS) were recorded. According to their outcome, the patients were divided into two groups with good (GOS = 4-5) and poor (GOS = 1-3) prognosis, respectively, according to their last examination. It was evaluated whether these parameters showed significant differences between the groups and between the deceased patients and survivors. Results: A total of 50 patients (35 male and 15 female) had been treated with DC. The mean age was 40.5±22.2 years. Head trauma was the etiology of increased ICP in 68% of the cases (n=34). The median of preoperative GCS was 6 (range: 3-15), and the mean midline shift on admission was 10.3±5.1 mm. Seventy-two percent of the cases (n=36) were treated with DC on the day of admission from the emergency department. The median of postoperative GCS was 7 (range: 3-15). The patients were followed up for a mean of 24.4 days in the ICU, and 30 patients were lost after a mean of 24.6 days. The survivors were followed up for a mean of 7.4±12.5 months. Factors affecting survival periods were age of the patient, short edge length of the DC (not long edge) and early postoperative GCS score after the DC. The comparison between survivors and deceased patients showed that the mean age of survivors was significantly lower than that of deceased patients (p=0.047). Postoperative GCS scores after DC were significantly lower in the patients who had died (p=0.0001). Conclusion: Age, short edge length of the craniectomy and postoperative neurological status are factors affecting surgical outcomes. These factors can play a role in selecting patient candidates who have to receive DC.
Introduction

Traumatic brain injury (TBI) is an important public health
problem all over the world (1) (2) (3) . The most commonly reported causes for increased intracranial pressure (ICP) were hydrocephalus due to head injury, diffuse brain swelling, contusion, and intracerebral hematoma (4) . Increasing intracranial pressure may cause ischemia in the brain due to decreased brain perfusion pressure (5) . Decompressive craniectomy (DC) can be life-saving in increased ICP cases that are unresponsive to medical treatment and cerebrospinal fluid (CSF) evacuation (6) . In this method, a part of the skull is removed and the underlying dura is enlarged, thus trying to reduce ICP (7) . However, some clinical trials published recently showed that although DC decreases mortality by reducing ICP that was increased due to various causes, survivors may end up with a poor outcome.
This study retrospectively evaluated the clinical results of 50 patients who had undergone DC in our clinic for the treatment of increased ICP for various reasons with the aim to determine the factors affecting the outcome of DC.
Material And Methods
Patient Population
Medical records were retrospectively reviewed for 50 increased ICP cases that had been diagnosed and undergone DC at According to their outcome, the patients were divided into two groups, good (GOS=4-5) and poor (GOS=1-3), according to their neurological findings on last follow-up. It was evaluated whether these parameters showed significant differences between the good and poor groups and between the deceased patients and survivors.
Statistical Analysis
Statistical analysis was performed using the NCSS (Number Cruncher Statistical System) 2007 Statistical Software (Utah, USA) package.
In the evaluation of the data, descriptive statistical methods (mean, median, standard deviation) were used. For comparison of normally distributed variables between the two groups, an independent t-test was used. For comparison of abnormally distributed variables between pre-and post-intervention, paired t-test was used. According to the number of subjects, the chisquare test or the Fisher exact test were used to compare qualitative data. The Mann Whitney U test was used to compare the unpaired ordinary data and the Wilcoxon rank test for paired ordinary data. The significant level was set at p<0.05.
Results
A total of 50 patients (35 male and 15 female) were treated with DC. The mean age was 40.5±22.2 years. Head trauma was the etiology of increased ICP in 68% of the cases (n=34). The causes of the increased ICP are presented in Table 1 . 
Decompressive craniectomy operations
In 72% of the cases (n=36), DC was performed within 24 hours after admission (early DC). In 30 out of these cases, evacuation of the space-occupying lesion (29 hematomas and 1 tumor)
was performed in addition to the DC in the same operation (secondary DC). In 6 out of 36 cases, only DC (primary DC) was applied for diffuse brain edema without additional evacuation of intracranial hematoma or tumor (Table 2 ). In the remaining 14 patients, DC was applied due to findings during the follow-up period at the ICU after >24 hours (late DC) (in 9 of these cases primary DC and in 5 cases secondary DC) ( Table 2 ).
The mean size of the craniectomy was 9.9x12.1 cm (120 cm²). In two cases, bilateral DC was applied and in the remaining cases unilateral DC. Duraplasty was performed in addition to DC in 82% of the patients (n=41), and in 12% of the patients (n=6), durotomy was performed and left open. In 27 patients, the craniotomy bone flaps were placed under the abdominal skin, and in 20 patients, the craniotomy bone flaps were sterilized and kept in the refrigerator for use in cranioplasty in the same patient. In 3 patients, the bone flap was sutured in its original place with only one edge, while the other 3 edges were kept free (hinged craniotomy) during the DC session.
Postoperative course and complications
The median postoperative GCS was 7 (range: 3-15). Pupils were miotic in 48% of the patients (n=24), dilated in 32% (n=16), and anisocoric in 20% (n=10). The mean midline shift was 3.7±4.5 mm in the early postoperative period. Except for cranioplasty operations, nine patients (18%) required reoperation in the postoperative period. The causes for reoperation are given in Table 3 .
The patients were followed up for a mean of 24.4±35.4 days in the ICU. Two patients contracted meningeal infections, 6 patients lung infections, 2 patients developed sepsis, and 2 patients suffered surgical site infection. In one patient with surgical site infection, the infection was under the abdominal skin where the craniotomy bone flap had been placed.
Thirty patients died after a mean of 24.6±42.6 days during ICU hospitalization. The survivors were followed up for an average of 7.4±12.5 months after DC operation. GOS scores at the final follow-up of the patients are given in Table 4 . In 39 patients, the prognosis was poor (GOS 1-3), and in 11 cases, it was good (GOS 4-5) according to the patients' condition on last follow up.
Cranioplasty was performed in 15 cases after an average of 5.3±4.9 months from the DC operation. In 13 out of these patients, autograft bone, and in 2 patients, synthetic material 
18 Duraplasty (methyl methacrylate) was used. In one of these patients, the cranioplasty flap was removed subsequently because of surgical site infection.
Factors affecting the outcome
The GCS values of surviving patients after DC were significantly The survivors were significantly younger than the patients who died (28 to 47, p=0.047). Post-DC GCS score was significantly lower in patients who died (p=0.0001), while no significant difference of pre-DC GCS scores was found between survivors and deceased patients. Of the craniectomy size parameters, only the length of the short edge affected the survival of patients, being significantly shorter in deceased cases. Other factors
were not found to be effective for survival. A comparison between parameters for deceased patients and survivors is given in Table 5 .
The same parameters were compared between patients with good and poor outcome. None of the parameters were found to be significant (Table 6 ).
Discussion
Traumatic brain injury (TBI) is a cause of high mortality and morbidity, especially in young adults. The main goal in the treatment of moderate/severe TBI is to reduce cerebral edema and to reduce increased ICP to maintain brain oxygen uptake (14) . A similar situation is also valid for large cerebral and cerebellar infarcts. In both brain injury and ischemic lesions, medical treatment may be insufficient to prevent increased ICP.
In these cases, DC may need to be applied. The goal is to However, a review published in 2017 supposed that DC for intracerebral hematoma and diffuse brain edema due to head injury cases applied early reduced the mortality but increased the rate of morbidity and led to severe neurological deficits (12) .
In our study, we aimed to determine the factors affecting the outcome of DC after head injury or ischemic or hemorrhagic CVAs. We found that the most important parameter determining the outcome of DC was the age of the patient (p<0.001). Our results were concordant with the literature. It is well known that the prognosis for DC in head injury is better in younger patients (11, 12) . DC significantly reduces mortality and improves functional outcome in adult patients younger than 60 years, whereas in patients older than 60 years it reduces mortality only but does not improve the functional outcome. Therefore, Smith recommended that any decision for DC in elderly patients should be taken in view of the quality-of-life expectancies and according to their relatives' preferences (16) .
Several studies reported that successful results in DC surgery are related to surgical technique (12, 13) . It has been recommended to perform durotomy, and the minimum diameter of unilateral DC should be about 11-12 cm (13). In our study, when we compared survivors with deceased patients, we found that there was no significant difference between the width of the craniotomy area and the length of the long edge of the craniectomy area, but the length of the short edge was found to be significantly higher in survivors. This finding suggested to us that all edges of the craniectomy area must be as long as possible to avoid squeezing of the herniated brain tissue in the craniectomy site. The timing of DC varies according to the etiology of ICP. It is suggested that the DC surgery should be performed early in the occlusion of the middle cerebral artery before a worsening that may happen within the first 24 hours and before the appearance of herniation findings. In such cases, delayed surgery increases the severity of the neurological deficit (14, 17) .
To date, there is no definite criterion for DC timing in head injury. According to our results, the time of DC, whether conducted on the day of the trauma/CVA or during the next days, did not impact the survival period or the GOS outcome.
This study has some limitations: first, it is a retrospective study that may suffer from inherent bias. Second, the sample size of our cohort is relatively small, and thirdly, we are evaluating different causes of increased ICP cases together.
Further prospective surveillance studies with larger sample size, especially in severe head injury, will be helpful in establishing the effects of DC on outcomes.
In conclusion, the age of the patient was found to be the most important factor affecting the outcomes of DC. The length of the short edge of the applied craniectomy and the GCS score in the early post-DC period also had an impact on the outcomes of DC. Therefore, a large craniectomy in young patients was thought to have a positive effect on the patient's outcome. 
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